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FOREWORD

The research described was performed under Program Element 6.24.05.06.F,
Project 1831, Task 1831. 10, and was previously reported by the author in a
thesis (GSP/PH/68-3) of the same title, presented to the faculty of the Air
Force Institute of Technology in partial fulfillment of requirements for the
Master of Scilence degree.

Inclusive dates of research were July 1967 through December 1967. The
report was submitted 23 June 1969 by the AFWL Project Officer, Captain Neil A.
Coddington (WLBN).

Information in this report is embargoed under the U.S. Export Control Act
of 1949, administered by the Department of Commerce. This report may be
released by departments or agencies of the U.S. Government to departments or
agencies of foreign governments with which the United States has defense treaty
commitments, subject to approval of AFWL (WLBN).

The author thanks Captain James Morrow, Mr., Edward Clements, Lt Paul Zielie,
MSgt George H. Lake, MSgt Olie B. Graves, SSgt Frank Aguilar, and especially
Mr. Harry M. Murphy, whose computer programs made the analyses of data considera-
bly easier.
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ABSTRACT

(Distribution Limitation Statement No. 2)

A method of absolute counting was used to determine a value of 0.0459 + 0.0014
for the ratio of L-X-rays to alpha particles emitted by Pu-239. The relative
intensities observed for the L,/Lg/Ly X-ray groups were 1.00/1.23/0.27 respec-
tively and a value of 3.04 + 0.57 x 10™* was obtained for the ratio of 51.56-kev
gamma rays to alpha particles emitted by Pu-239. The emission rates of alpha
particles were weasured with a detector made of lithium-drifted silicon, operated
at room temperature and at a pressure of 0.00l-torr. The emission rates of
photons were measured with a detector made of lithium-drifted germanium (Ge(L1)),
cooled to a temperature of 77°K. All measurements were recorded with a 400-channel
pulse-height analyzer. The efficiency of the Ge(Li) detector for photoelectric
interactions was established from a series of measurements of a source of Am-241
with a known activity. The geometric arrangements of the sources and the detec-
tors were varied widely to avoid biased results that may have accrued if all
measurements had been made with the geometry fixed. The count rates recorded by
the detection apparatus were corrected for the efficiency of the detector and the
geometry of the measurement by means of a computer program, to yield the rate of

emission of the source for each emergy of interest.
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SECTION I

INTRODUCTION

The experiment described herein was undertaken to determine accurately the
ratio of L-X-rays to alpha particles emitted by Pu-239. This information is
required by the Air Force to enable the quantivative definition of a plutonium
alpha-hazard to be made from the results of an L-X-ray survey of an area sus—

pected to be contaminated with pi:utonium.

The reference in this report to plutonium L-X~-rays is in accord with general
practice, although the designation is incorrect. These X-rays actually arise
from the de-excitation of the daughter nucleus, U-235, following an internal

conversion process.

The process of interest to this study is associated with the decay of Pu-239
to U-235 by emission of alpha particles. In 10.7 percent of the decays, Pu-239
emits an alpha particle with energy of 5.096 Mev (Ref. 1:818) to produce an
excited state in U-235. This state is 51.67 kev above the ground state and has
sufficient energy to convert L-electrons, which have binding energies between 17
and 23 kev. This results in the productic: of L-X-rays with energies between 12
and 23 kev, or in Auger processes which yield radiations with energies that are

minute, and therefore of negligible concern to this study.
1. PRIOR MEASUREMENTS OF L-X-RAYS

Soft radiations from Pu-239 were first detected by Ghiorso in 1944. The
first measurements made to compare emission rates of alpha particles and photons
were reported by West and Dawson (Ref. 2) and West, Dawson, and Mandleberg
(Ref. 3) in 1951. They used a proportional counter filled with krypton and
methane and a 30-channel pulse-height analyzer to obtain a value of 0.04 + 0.01
for the ratio of L-X-rays to alpha particles emitted by Pu-239, and relative
LB’ LY' H. Israel (Ref. 4)
made a similar determination in 1952 with a proportional counter filled with

intensities of 1.0/1.8/0.3 for the L-X-ray groups L,

argon and methane and a single-channel pulse-height analyzer. He reported 0.029
+ 0.0145 L-X-rays per alpha particle emitted by Pu-239, with relative intensities
of 1.0.1.4/0.3 for the La/LB/LY X-ray groups. In 1967, Swinth (Ref. 5:284)
reported 0.0485 + 0.0004 L-X-rays per alpha particle from Pu-239, by counting
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photons in coincidence with alpha particles. Swinth used a proportional counter
filled with argon and methane to count alpha particles and a scintillation crys—

tal made of sodium jodide to detect the L-X-ray photons.

2. INSTRUMENTS FOR MEASURING L-X-RAYS

-

Several portable instruments (Refs. 6 and 7) have been developed for per-
forming field measurements of plutonium L-X-rays to assist in delineating the
boundaries of areas contaminated with material which emits alpha particles.
Potentially, such instruments should be of great assistance in speeding initial
surveys and providing as good or better accuracy than the instruments for survey-
ing alpha particles, because the low-energy photoas are less susceptible than
alpha particles to absorption in thin overburdens of material. Although the
technology of such instruments is advancing rapidly, it has not yet advanced
sufficiently to warrant confidence in their effectiveness, except under ideal
conditions. All such instruments rely in part on mechanical discrimination of
‘photon energies through the use of very thin (~2-mm thick) sodium iodide scin-
tillation detection elements that are very fragile as a consequence. Their
thinness minimizes their response to photons with high-energies (greater than
about 80 kev).

provide additional discrimination of energies by electronic means.

A single-channel analyzer is used in some of the instruments to

Some of the shortcomings of the instruments that remain to he overcome by
further technical development are operational characteristics that are dependent
on temperature stability, drift of calibration settings with time, and spurious

counting caused by dark-current noise in photomultiplier tubes.

Some of the problems associated with the detection of L-¥-rays which remain
to be investigated further before such instruments can be deployed most effec-
tively include (1) uncertainty in the ratio of L-X-rays to alpha particles; (2)
background counting rates that vary with geography because of radioactive mineral
deposits; (3) variations in the response of the instrument as a function of the
geometry of the source and the detecter; (4) difficulties in preparing calibra-
-tion sources to be used to establish the baseline performance of detection
instruments for both alpha particles and L-X-rays; and (5) potential methods for
evaluating the magnitude of and correcting for the attenuation of photons in
overburdens of soil, moisture, etc. Schmidt (Ref. 7) has done a considerable

.amount of work on problems (2) and (3), above.
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SECTION II N

DESCRIPTION OF EXPERIMENTAL EQUIPMENT

The equipment used in this experiment falls into six divisions of components
or categories: (1) the pulse-height analyzer used to record the spectra of both
photons and alpha particles, (2) the pulse shaper used to condition the output
pulses of the linear amplifiers for storage by the pulse-height anelyzer, (3) the
photon detection system, including all components from the detector through the
linear amplifier, (4) the alpha detection system, including all components from
the detector through the linear amplifier, (5) the sources of plutonium (Pu-239),
and (6) the sources of americium (Am-241). Each of the categories is discussed
in some detail in the paragraphs which follow.

1. PULSE-HEIGHT ANALYZER (PHA)

The pulse-~height distributions produced by both photons and alpha particles
were obtained with a 400-channel analyzer manufactured by Technical Measurements
Corporation (TMC Model 401D). Numerous tests, similar to those described by
Crouch and Heath (Ref. 8) were conducted to determine the operating characteris-
tics of the PHA,

a. Live-Timer Accuracy

The live-timer in the PHA was calibrated with an Orter (Model 204) pulse
generator. The live-~time for storage of pulses of various amplitudes, as indicated
by the PHA, was compared with the live-time which had actually elapsed. The
elapsed live-time was calculated from the number of pulses stored and the known
trequency of the pulser. The internal "clock" oscillator of the PHA was adjusted
te bring its indication of live-time within 0.25 percent of that actually elapsed.

b. Live-Timer Precision

Errors in the live-timer can degrade counting precision when a low-level
source is counted in the presence of a high-background count rate. The degrada-
tion in precision of the PHA was determined by comparing the mean value for a
series of measurements (made with a scintillation detector) of a 2443-cpm (Zn-65)
source counted alone with the mean value of a series of measurements of the same

source counted along with a 22,500-cpm (Cs-137) source. The comparison was based
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on two sets of measurements, which consisted of four 1l0-minute counts of the

Zn—-65 alone and in the presence of the Cs-137.

The mean value of the count rate under the photopeak when the Zn-65 was
counted alone was 8.7 cpm higher than the corresponding value for the Zn-65 .
counted in the presence of the Cs-137. This difference was within the standard
error (11.0 cpm) of the difference in mean values of the two sets of count-rate
measurements, The precision of the live-timer was therefore considered to be
satisfactory because the difference observed was not significant, statistically,

according to the method shown in Reference 9.
¢. Integral Linearity

A pulser was used to obtain 53 measurements of pulse-height versus
thresholds of the PHA storage channels. The results were least-squares fit to
a first order polynomial equation, and showed a zero intercept with a mean devia-

tion from linearity of less than 0.2 percent.
d. Differential Linearity

A qualitative check of the differential linearity of the PHA was performed .
(the results were not subjected to a detailed analysis). A sliding pulse genera-
tor (Berkeley Nuclear Corporation, Model GL-3) was used to generate pulses with
amplitude that increased linearly with time. The pulse repetition rate was
gradually increased to determine the maximum rate of pulse storage for the PHA.
The differential linearity was observably uniform, but as the repetition rate was
increased above 6500 pps, jump discontinuities appeared in the otherwise linear
pulse-height spectrum, at which point the PHA was considered to have failed the
test. During later experiments, the count rates were limited to less than 1000

cps to ensure that the data of interest would not be affected by breakdown in the

differential linearity.

2. PULSE SHAPER

The output pulses of the amplifiers for the detection systems of both photons
and alpha particles were modified with a pulse shaper (TMC Model 344) to improve
The normal pulse output of either amplifier has a

the pulse in its rise toward

the response of the PHA.

gaussian shape. The gradual change in slope of

maximum amplitude leads to uncertainty (for the analog-to-digital converter in

the PHA) in the precise location of the maximum and may result in PHA storage

The pulse shaper modifies the approach to maximum into a triangular

errors.
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shaped pulse, with a moderate slope and a rapid change in direction of slope at

maximum amplitude, similar to the shape recommended by Fairstein (Ref. 10:53).
3, PHOTON DETECTION SYSTEM

The physical arrangement of the system used to detect the low-energy photons
is shown in Figure 1. A block diagram of the system in Figure 2 shows how the
components are interconnected and their model numbers. Pertinent operating

characteristics of each component are discussed in the paragraphs which follow.
a. Detector

A detector (TMC Model TE-3-6) made of lithium-drifted germanium (GE(11))
was used during the course of this experiment. The detector has an area of 3 cm?,
and an active depth of 6 mm with an unusally thin "dead" layer (inactive surface
region) of less than 3-microns thickness. A molecular sieve was used to maintain
the detector at a pressure of 0.000l-torr. Thermal ncise was minimized by coupling
the detector to a 25-liter cryostat containing liquid nitrogen (77°K). The housing
for the detector was constructed of aluminum, 0.125-inch thick, with a 0.010-inch

beryllium window provided to minimize the attenuation of low energy photons.
b. Preamplifier

The preamplifier (TMC Model 336) was operated at room temperature with a
thermal noise level of less than 2.5-kev FWHM (full-width at half the maximum
amplitude of a monoenergetic pulse input). The charge-sensitive input stage,
consisting of a field-effect tramsistor, is coupleﬁ capacitively to the detector
with a lead length of about one inch.

c. Main Amplifier

The linear pulse amplifier (TMC Model 341) is equipped to provide unipolar
or bipolar outputs. A switch is provided to select either delay-line or differen-
tiation and/or integration time-constants of 0.l to 10 microseconds. The gain is
continuously adjustable from 1 to 1300. The unipolar output mode was used during
this experiment with time-constants of two microseconds selected for differenti-
ation and integration. The selection of time-constants was based on the best

system resolution of the 60-kev gamma ray photopeak of Am-241.

d. Bias Supply

The bias supply (TMC Model 353) for the detector provided regulated
voltages from 0 to 990 volts in steps of 10 volts with less than 500 microvolts
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of ripple. The Ge(Li) detector was operated at 990 volts bias and drew less

than 0.05 nanoamperes of current.
e. Power Supply/Bin

All ccmpcnents except the detecter and preamplifier were mounted in a -
modular system bin (TMC Model 339), and all were powered by the built-in power
supply, designed by Power Designs, Pacific. The power supply prcvided positive

and negative voltages of 12 and 24 volts that were well regulated.
4, ALPHA DETECTION SYSTEM

A block diagram of the system used to detect alpha particles is presented in
Figure 3. This shows the model numbers of the components of the system and how
they are interconﬁected. The characteristics of each component are discussed in

detail in the fol*owing paragraphs.

a. Detector L
The detector used to count alpha particles (TMC Model 50-110-1/2A) was .
made of lithium-drifted silicon (Si(Li)) with a sensitive depth of 0.5 mm and an
active area of 110 mm?. It was operated at room temperature to degrade the
resolution so that the ionization peaks in the pulse-height spectra were spread
over several channels of the PHA, This eliminated the need for a biased amplifier
with its associated drift in gain by providing a sufficient number of data points

in each peak for an adequate statistical analysis.
b. Vacuum Chamber

The vacuum chamber was designed by Ortec (Model 806) for counting of
charged particles. The chamber has necessary fittings to permit cooling of the
detector by controlled expansion of gaseous CO,, and has internal stand for
mounting sources between 0 and 4.42 inches from the detector. The disassembled
chamber with a source-mounting platform, designed and constructed at AFWL, is

shown in Figure 4.
¢c. Preamplifier

The input stage nf the charge-sensitive preamplifier (Ortec Model 109),
coupled capacitively to the deatector, consists of a field-effect transistor with
a large input impedance. A choice of X1 or X10 gain settings is available and .
the preamplifier is provided with an internal bias resistance network (1000 megohn)
for operation at low temperatures. For this experiment, an external bias network

of 6.11 megohms resistance was used to operate the detector at room temperature.
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d. Main Amplifier

The main amplifier, manufactured by Ortec (Model 410) has features
similar to those described for the TMC amplifier, used as part of the photon
detection system. Time constants of 1 microsecond were used for single differen=
tiation and integration during this experiment because they were found to provide

a restoration of the baseline between pulses nearest to zero volts.
5. PLUTONIUM SOURCES

The two sources shown in Figure 5 were obtained from the Eberline Instrument
Corporation for this experiment. The isotopic percentages (determined by mass
spectrographic measurements when the source material was removed from the reactor
on 31 October 1965) supplied by the manufacturer in units of atom percent were
Pu~-239, 99.233 + 0.019; Pu-240, 0.752 + 0.015; and Pu-241, 0.015 + 0.011. The
activities of the two sources P-5611 and P-5612, were 10.2 uCi (0.50 + 0.03 ucCi/
cm?) and 15.8 uCi (0.78 + 0.03 uCi/cm?) respectively, as reported by the manu-
from measurements made in 2-pi geometry witn a gas-flow proportional counter
(Ref. 11).

The sources were prepared by electroplating the plutonium on 2-inch-diameter
nickel disks, followed by a heat treatment in open flame to minimize losses or
contamination because of handling. The heat treatment (Ref. 11) resulted in the
formation of a layer of oxide over the surface of the source and/or a stronger

bond between the plutonium plate and the nickel base metal.
6. AMERICIUM SOURCES (AM-241)

Two americium sources were used throughout this experiment. The Am-241
source used to calibrate the photon detection system for energy and efficiency
was one of a set of calibrated reference sources (shown in Figure 6) obtained
from the International Atomic Energy Agency (IAEA). The activity of the IAEA
Am-241 source was certified to be 10.94 + 0.036 uCi on 1 January 1967. This
point source (~1 mm dia.) was centered on a thin Mylar disk, which was supported
by an aluminum ring that was 3 cm in diameter. The Am-241 was firmly fixed to
the Mylar with a coating of lacquer or epoxy, which limited its use to photon
calibration.

The source (S-307) used to correlate the counting measurements of the alpha
particle and photon detection sys ems .onsisted of a 1.5-mm? plating of Am-241
on a platinum foil that was 1.0 cm in diameter. This source was liisted in the

AFWL source inventory as having an activity of 0.180 uCi (398,500 dpr).
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SECTION III

EXPERIMENTAL METHODS

The measurements of gamma rays and L-X-rays were all performed in air. The
distances between the sources and the detector were limited to less than 1 meter

to minimize effects of attenuation by air.

The measurements of alpha particles were made with the source and detector
placed in an evacuated chamber with small dimensions. Errors in measurement were

minimized by separating the source and detector as much as possible.

All counting measurements were recorded with the pulse-height analyzer. Each
measurement consisted of 400 channels of information that was transferred to

punched paper tape for storage until it could be processed.
1. GAMMA- and L-X-RAY MEASUREMENTS

A sliding, wooden ramp was constructed along the centerline of the photon
detector to improve the reproducibility of the measurement geometry. The sources
were mounted on small wooden blocks, placed on the ramp (indexed in inches) and
aligned parallel to the plane of the detector for counting. The distances
between the source and the detector were varied from 3 to 67 centimeters for both
plutonium and americium measurements. The counting times were adjusted to permit

the collection of épproximately equal numbers of counts for all geometries used.

Thirty-four independent measurements were made of the two plutonium sources
(P-5611 and P-5612), which represents 240 hours of counting and 10 million counts
recorded by the PHA. Eighteen measurements were made of the IAEA Am-241 source
(used to establish the efficiency of the detector), which represents 70 hours of
counting and 14 million counts recorsded by the PHA,

2. ALPHA PARTICLE MEASUREMENIS

The distanceé between the source and the detector were varied from 3.92 to
4.42 inches during the experiment. The geometry was additionally altered by
changing the area presented by the detector to the source. Two sets of measure-
ments were made on each plutonium source. For one measurement set, the total
110-mm? area of the detector was left exposed, and for the other set of measure-

ments, the sensitive area of the detector was limited to 31.7 mm? with a nylon
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mask, Thirteen independent measurements were made on the two sources, with more

than six million counts recorded by the PHA.

3. DATA TROCESSING

. Each pulse-height spectrum was recorded on Tally punched paper tape in

binary-coded-decimal form, with an identification number for each measurement

*g punched ahead of each set of data. The data were then transferred to computer

cards by a tape-to-card converter, designed and built by the AFWL. The anaiysi%

AR
e

of the data was carried out with a computer program (PhotoPeak Analysis (PPA-II)

ST

written by Murphy (Ref. 12). Several background counts of up to 40 hours dura-

LT ey Ao

tion were made with the Ge(Li) detector. The background measurements were then

R b T e e

PR AT ey s sty v
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used to correct the photon spectra during the computer analysis. No gignificant

g S

changes in the background spectra were noted during the 45-day period of experi-

f mentation.
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SECTION 1V

D~TA ANALYSIS

All of the counting data recorded with the PHA were analyzed with the
PhotoPeak Analysis (PPA-II) computer program to determine the count rates in
each of the photopeaks. These counting rates were then used (1) to calculate
the photopeak efficiency of the detector (from the measurements of the IAEA
Am-241 source, which activity was known), and (2) to calculate the activity of
the sources of Pu-239 (for alpha particle measurements where efficiency was
100 percent, or for photon measurements after the efficiency of the detector

had been determined).
1. PHOTOPEAK ANALYSIS (PPA-II)

The photopeak analysis computer program (PPA-II) used in this experiment is
and updated version of an earlier program written by Murphy (Ref. 12). Table I
lists the information output by PPA-II. The program operates on a set of data
consisting of a 400-channel spectrum from a PHA, the counting time in minutes,
and estimates of the channel locations of up to five peaks in the spectrum with-
in 10 percent of their actual location. The program optionally smooths the raw
data (done for all data in this experiment) and/or subtracts a background count
rate. (Tables II, III, and IV show sample results of smoothing and background
subtraction on the same input data. The variations are slight, and accrue from
broadening of the data peaks caused by smoothing and by changes in the fit
function which is generated, after a background is subtracted.) The time of
experiment, time of event or zero time, and the isotope half-life, in deciday
form, may also be included in the analysis to correct measurements in which
isotope half-life is an important factor. Such corrections were not required
for this experiment because Pu~239 has a half-life of 24,400 years (Ref., 1:815)
and Am-241 has a 458 year half-life (Ref. 1:847).

The convergence of PPA-II may be assisted with an initial estimate of the
expected standnvd deviation of the count-rate distribution of the data peaks in
the spectrum. This feature was particularly useful for this experiment because

the gain of the system remained nearly constant for a large number of measure-

ments,
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Table 1

PHOTOPEAK ANALYSIS (PPA-II) INFORMATION OUTPUT

1. Peak location to the nearest hundredth channel

2, Peak amplitude in cpm/channel

3. Standard deviation of the derived gaussian function in
channels

4. Resolution expressed as FWHM (full-width at half maximum
amplitude) of the derived gaussian function in percent

g Mgt A AR T e, 2T

5. Peak integral count rate in cpm

6. Peak integral count rate corrected to zero-time

o

7. A tabulation of the region of interest examined:
a. channel number, I i /4

b. background count rate, B(I)

¢. raw or smoothed data points, Y(I) ;
d. values of the generated fit function, FIT

e. values of the derived gaussian, GAUSS :

Sn,

f. channel-by-channel summation of the data points, SUMY

g. channel-by-channel summation of the gaussian function,
SUMG
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Table IL

? f; PHOTOPEAK ANALYSIS OF PLUTONIUM SOURCE P-5611 13.51 kev

§~ “i' (La) X-RAY WITHOUT SMOOTHING OR BACKGROUND SUBTRACTION .

?3 ‘;3
.
® 033 PU=239 (5611) . LA+ LB, LG, 51,67, 59.57 . _
. S —— e et e e e
E ZeRO BACKGROUND B . _
;. 8 Xz =0, Ti_i -0,  prw o, o g
g L THE. DECAY FACIQR..3 _ i1.0u0000uD . J1/2 = 0, DAYS, __ :
. THE COUNT TIME. 15. 4004 MINUIES. _

i 3 -THEMEEA&_LS~EXEEEIED_LN_CHAMMEL "ZBJQQL___LSQQ_BHANNELS)
5 = START PMOTOREAK ANALYSIS. .. _ . . . ___ . ____ __ ...

E THE PEAK APPEARS TO BE NEAR CHANNEL 80,66,

E -6 ITERATIONS.  _ _ ... . S

. THE PEAK AMPLITUDE.IS 182.10 CPM/CH AT CHANNEL 80.720. . __

- = THE STANDARD DEVIATION IS 3.22 CHANNELS, ( 9.38 PERCENT. FWHM).
: "THE PHOTOPEAK COUNT=RATE IS 1470,40 CPM AT_TX, WHICH CORRESPQNDS

_T0 A Cnuul._AlE_Q___l_.AJ_qu_Qa_cP_M-AI 7.

3 - - e m—— e e s e

s lé e ———e e - - - S —— -
a ; SO U - X & ) Yen FIT GAUSS _SUMY
5

%

22 I

NI b
NN

71 . 0. .

_. 64,65

64,98

..68,85

69.97

1496

4,75

64,7
129.6

—_SuMa_

20
6.7

73 U.

.15 U,

] %

E R
. | 74 . G _ .
T

74,37
102,28

86,28 .

.74,02.

82.83

98,29

10.47
38,08

20,95 .

204.0
392,5

290.3 .

17.2.
— _38.1_
76.2

76 U,
77 0,

%

9

3 3

4 E: 78 B
©

5 i s

: 79 U,

121,65

152,90
179,55

Ad21.38
. 151,05

214,85

183,39
211,97

62.85

...94.19
—.128.20

158.45

914.,2
667.1

846,6 _
1058.,5

139.1
.233.3
. 361.4
519.9

3 - 80 0, 226,00 229,71 . 177.86 1284,5 _ _ 697.8
E .81 LU __..212_50 __.631.,48 181,30  1517.0 879.1
. 82 g, 219,20 216,33 167,83 1736,2 1046.9
E 83 0, 189,50 187.92 141,09 1925,7 1188.0

;g; 4 84 0, 155,35 152,87 107,72 2081.0 1295.7
& 85 0, 117,68 118,16 _74.68 2198.7 1370.4
E 86 O, . ___ 83,35 88,83 _ 47,02 _ 2282,1 _ 1417.4
E 4 87 6, 62,18 67,02 26,88 2344,2 1444.3
A 3 .88 u, 753,20  _ 52.43 13.96 2397,4 1458.3
- . 89 0, 48,23 43,38 6.58  2445,7 1464.8
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PHOTOPEAK ANALYSIS OF PLUTONIUM SOURCE P-5611 13.51 kev .
(Lo) X-RA7 WITH SMOOTHING, BUT NO BACKGROUND SUBTRACTION

033 PU~-239 (5611)
ZERO BACKGROUND
TX = . »ie Tis
THE DECAY FACTOR $

Table III

2 |
1.0r000000

THE COUNT TIME IS 40.00 MINUTES,
THE _SPECTRUM HAS BEEN SMOOTHED.

THE PEAK IS EXPECTED IN CHANNEL 78.00.

START PHOTOPEAK ANALYSIS.

pr.=s 0,
T1/2 =

LA LB, LG, 81,67, 59.57

THE PEAK _APPEARS TO BE NEAR CHANNEL 80.69.

6 ITERATIQNS.

THE PEAK AMPLITUDE IS

THE STANDARD DEVIATIQON IS 3.26 CHANNELS: (

TO A COUNT-RATE OF 1,48u5E+03 CPM AT TZ.

DAYS.

(399 CHANNELS)

180,93 CPM/CH AT CHANNEL 80.70,
9.51 PERCENT FWHM).

THE PHOTOPEAK CQUNT-RATE IS 1480,5% CPM AT TX, WHICH _.CORRESPONDS

1 . B(I) Y(1)y FIT GAUSS _ ___ _SUMY SUMG
70 . _Be . 61,45 _ 69,17 84 61,5 .8 .
71 0, 63,36 68.83 2,20 124.8 3.0
72 0, 67,00 70,16  5.20 _ _ 191.8 8.2

73 0, 74,36 74,50 11,23 266,2 19.5 _
74 0, 85,17 83, 68 22,06 351.4 41.5
75 o, 102,68 99.36 39,47 4540 81.0
76 0. 124,17 122,48 . _64.27 578,2 145.3
77 0, 152,16 151,82 9%,29 _ 730.4 240,6
78 a, 181,85  183.46 128,62 912.2 369.2
79 v, . 209,08 ___211,22 156,07  1i21.3 527.3 __
80 u, 226,65 228,33  176.86  1347,9 704.1
81 0, 230.14 229,94  180.15  1578,1 884.3
82 __ U, 216,73 215,18 _ 167.08 _ 1794,8 _1051.3
83 0, 190,74  187.48  141.07  198%.,6  1192.4
84 o, 154.70  183.17  108.44  2140,3  1300.8
85 ___ 0, . 117,44 _ 118,94 75.90 _ 2257,7 . . 1376.7 |
86 0, 86,32 89.72 48.36  2344,0  1425.1
87 0, 63,77 67,73 28,05  2407,8  1453.2
88 v, 52,03 52,81 14,82 __2489,8 _ 1468.0
89 v, 48,38 43,43 7.12 T 2%08.2  1475.1 ﬂ
90 0, 50,55 37.74 3.12  25%8.7  1478.2 :
19
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Table IV

PHOTOPEAK ANALYSIS OF PLUTO?IUM SOURCE P-5611 13.51 kev
(Lo) X-RAY WITH SMOOTHING 4ND BACKGROUND SUBTRACTIOR

033 PU~239 (5611) LAs LBs LG, 51,67, 59,57

THE COUNT TIME IS 40,00 MINUTES,
JHE_SPECTRUM_HAS BEEN SMOOQTHED, . _
THE PEAK 1S EXPECTED IN CHANNEL 78,00,

THE PEAK APPEARS TO BE NEAR CHANNEL 80,67,
6 TTERATIONS,

fné“FEZE“KﬁFET?DEE“f§""i55113_65ﬁ7é9‘AT"EEANNEL

STARf PHOTOPEAK ANALYSIS.

THE STANDARD DEVIATION {S
_THE _PHOTOPEAK COUNT=RATE IS 1497,38 CPM AT Tx, WH]CH CORRESPONDS

(399 CHANNELS)

3,32 CHANNELS, (

"TO A COUNT~RATE OF 1,4974E¢03 CPM AT

1z,

780,69,
9,66 PERCENT FWHM),

! B(1) TY(L) FIT GAUSS SUMY SUMG
_____7__0__ I L77 601’8 _ 67.59 1! 00 69.6 1,!__0_
73 271 62,63 67,46 .52 1e3.2. 3,5
72 267 66,39 69,10  _ 5,81 189,6 9,3
73 63 73,67 73,88 12,24 263,3 21,6
74 82 0? 14 83,82 = 23,54 348,4 45,1
75 , 61 102,09 99,67 41,34 450,5 86,4
76 J60 134,75 122,96 66,27 _  578,2 182,7
77 , 60 152,39 152,05 97,02 727,6 249,7
78 «60 181,65 183,05 129,68 909,3 3794
79 .60 207,95 = 209,98 188,25  1117.2  537.7
80 60 224,73 226,41 176,33  1342,0 714,
81 59 227,88 227,81 179439 1569.8 893.4
82 .87 245,31 213,40 166,63  1788,2  1060.0
83 156 188,99 186,44 141,32 1974.1 1201.:3
84 _ 196 154,36 152,90 109,43 2128.5 1310.8
__ .85 .56 118,22 119,18 _77.37 2246,7 1388,%
86 ,55 86,75 90,10 49,94 2333,5  1438,1
87 55 64,38 67,95 29,43  2397,9 1467,5
88 55 54,8 87 52,790 15.84 _2449,7  1483,3
89 55 47.56 42,99 7,78 7 2497.F 1491,
90 56 49,45 37,05 3,49 2546,7 1494,6
.56 55,26 33,33 1443 2602,0

1496.1
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Analysis with PPA-II initially provides an improved estimate of the location
of each peak maximum by least-squares fitting a parabola to the data points
within the location band identified as a par: of the given data. A fit function
is then generated, which consists of a linear bias term with a superimposed
gaussian (normal) distribution fitted to the peak described by the data points.
The linear bias term is then subtracted from the fit function and the resulting
"pure" gaussian distribution is interpreted as representing the actual distribu-
tion of counts occurring in the photoelectric peak (or innization peak in the
case of an alpha-particle spectrum analysis). The location of the maximum of
the derived gaussian is then interpreted as the rrecise location of the photo-

electric peak
2, PHOTOPEAK ANALYSIS PLOTTING

A second version of PPA-II, used during this experiment, includes plotting
subroutines to permit a visual representation of the analysis. A sample plot is
shown in Figure 7. The magnetic tape of this program instructs a Calcomp plotter
to plot, index, and label a grid; plot the raw (or smoothed) data points after
subtracting background; plot the generated fit function for each peak analyzed
in the spectrum; plot the linear bias terms; and plot the resulting gaussian
functions representing the photoelectric peaks. The peak amplitudes are prepared
for plotting on the basis that the largest peak in the spectrum occurring between
10 and 90 percent of the energy scale is assigned 90 percent of the available

amplitude, and all other spectral data are normalized accordingly.
3. CRITERIA FOR DATA REJECTION

Data acceptance or rejection was based on the initial spectral analysis
performed by PPA-II. A factor that reflects the ''goodness of fit" is the number
of iterations required to fit the data with the biased~gaussian fit function
(Ref. 12:21). Sets of data raquiring more than eight iterations were suspected

of containing systematic errors and were rejected from further analysis.

A second factor reflecting the "goodness" of the initial data is the standard
deviation of the resulting gaussian distribution of the counts in the full energy
peak. For the constant PHA energy scales for the alpha and photon measurements,
a nearly constant resolution of particular peaks of the same source spectra in
all measurement geometries was expected. This indeed held true, except at very
high count rates (>10° cpm), as can be seen by a visual comparison of Figures 8

and 9, which show the contrast between high and low count-rate measurements of

21

ot SR e 3

s




e o SR TR o ucanmy

|
| m .
: {
1 :

; j
.}.,...

uorioung UETSSNEH IAng BurITnssy oSY3 puer ‘wmid] SeTd ABSUT] ‘uwor3zoung 3ITL
: ueyssne) paserq Buimoyg ‘syeag Ley-xX-y ASMN-C°9f pue T°ZE LET-SH 3o srsdAreuy yeadojouyg ¢/ wan8rg
[ ]

R Xk

00k ooe  L1H9I3H gz 387nd 0ot 0
_ _ _ _ 0 |
3 w ,
|

bk o AT, A S RN A S s a1

fc—— NVISSOVO mid * W
| + Mt + oz ,
L | oz |
i &
: il SVIE VANIT %, A% e |
. >
: — + + + B + -+ + ¢ —Ohm L
<< ~ .
j : ™ A
- . O
4 : | joc]
W w : . S
M - -+ + + + + + + — s
- 1t 3
2 m c =
h — + -+ + + t}=— nvIssvD aasvis -+ — 08
3 Am. |
R | |
. s -4
' - J _ _ | ] 1 001
i -
i §
i i
i e N et

" PR el Ryt s A T S X A Y .
3 e P G 2t SRS R R A Ve IR F st e B P

1%




§ £ l\‘ﬁ . - e N . 1 . e .
e A .,aa,h.'\.ﬂ» % 9 :«vlw%sﬁwﬂ; Q ‘ﬂ ;uc,ww Ty :nu.l«zﬁ..ac?\ f; e, iz L.Sy. .f 2 .w.z. gy it r.vt»y\L.q S o .!w R

o Cm e aemeAiar e ey SN B A - s b s e e -

etk d £ B kst b
ka2 & mm? .Uw\m

~ , e ® . T Sy L

!

(TIv-w2Ud /A-69T Q) 23”¥ Jurlunoy) TewioN Ie
. pepaooay uwnaioadg uwoloyg o 30lg sTsLTeuy yeadojoyg [hz-wmy vivy °8 =2indtjg

00h oog  1H9I3H  gpg 357nd 001 0,
; AV i ! A
— + + + ¥ 7 08
A N/ )
+* m
f —
2
U — + + + + + i RUL =
+ m o
; 1 o 9 M
8 Q
W S
- -+ + + 4+ 4+ 4+ —oe3
1 D
f—
4 —l_l—
o - + 4+ + + + + —os
| | | | | | | | 001

SRR AEE A R P
AFWL-TR-9-82
X

- T R

St gulaap e e £ ol B L o e S S s i D Dy A kot

e A A M I Aot i
k] oo e T M s Sl o W beees sty et
o

PO o st s S 5 R p Ny o R

o r———— it e o e e e S S 5 A g R SRR AN




@!:SJ..J« RN
P I

W T AN T RAY TE 3 20

¥ g

popiooay

00h

SRR

Y T 2 e ey R T PR T s
S QLS SN E e e -

a0e

T B A B S O I S s
"

B ity

(Tauueyo /AdN~-69T*Q) 23y Suriunoy ysSty Liop 3
un13o9dg uojoyg Jo 30T7g sTsATeuy yesdoloyg Tyz-uy VAVI

1HSI13H 357Nd 001 0

*6 2an8tyg

Q0c

AN el

Ry
——

AT

[P

T

AT SR
b

ok,

TEFACE

i
ana e e e,

7

o

RN, VA
4

:

Wm )

; .

4 3 | ._
& ..

- i
i ; L

2 .m 4
- i

x 2

E . ]

¢ .

i q T Tz
+ + o+ + -
< -
+ 4+ 4+ o+ S
V
+ o+ o+ o+ + -
+ o+ o+ o+ o+ 4+ -
| | | _ | |

WW?‘" 5 TG S s T

AFWL~TR~69-82

Sk b
FEpTtee

2L S

02

Oh

0s

3184 INNPJY 3ATLIEN3Y

08

001

~
o~

v ,4%4/
TR Y4

. it s e
n ‘
Ayl s, AT ks R 2
St Etidiadiin, el
‘ i I
o !
? s AR
v ’
w & >
. 3

AR N SR SR TR

A, o e s e

(SO o PN PR N

*




A

AT

ww

e A

N

o~ o -
PO
1 e T T

s
i

el

maaid s o e
% el A< Lo

SRl

SR

e
%3

e

Am.q....._,.m..

v o

A fR ARt sprgabony “AJ » o o
N T Y e IR R TR TR e (R P TR T T iR e

S5

v g e e iy
il SRS il

“
BT e b g

AT

SRS Syt ol
A

L T N T L T 2

e s it o

ST G Y TR, W v i o et a5 T ~ e Ny R

AFWL-TR-69-82

the same source. Sets of data that showed a rate-dependent degradation in
resolution of more than 10 percent (caused by limitations in the response of

the system electronics) were excluded from further analysis.
4, Ge(Li) DETECTOR EFFICIENCY

Determination of the efficiency of the Ge(Li) detector required numerous
count-rate measurements of a source with known emission rates at known energies.
The integral count rates for each cf the three L-X-rays of Am-241 (calibrated
IAEA source), and the 26.35 and 59.54~kev gamma rays (Ref. 13:562) were computed
with PPA-II, These were considered to be the counting rates actually recorded
with the detector. Each of the recorded count rates was then corrected (normal-
ized) to 4-pi geometry and compared with the known activity of the source to
determine the efficiency of the detector. The 59.54-kev photoelectric peak in
thé Am-241 spectrum contained the greatest number of counts and was not subjected
to interference from nearby peaks, so it was selected as the best reference for
computing the geometric factors for all measurements. These factors were then
used to correct the recorded count rates to 4-pi count rates for photopeaks of
all energies in the Am-241 spectrum. The mean value for the efficiency of the
detector at 59.54 kev was determined by averaging the values of efficiency calcu-
lated for all measurements. The mean value for efficiency was then applied to
the count rate recorded for each measurement to derive a better value for the
geometric factor. This value is hereinafter called the "true" or "actual"
geometric factor. Derivation of the actual geometric factors was required be-
cause each distance measured between the source and the detector was subject to
random errors in measurement. There were also errors in positioning the source
relative to the detector centerline, and an uncertainty in the distance between

the face of the detector and the beryllium window of the detector housing.
a. Window-to-Detector Distance

All measurements of distance were made from the source to a plastic cover
which protected the thin beryllium window to the detector. The distance between
the window and the face of the detector was estimated to lie within the range of
1.20 to 1.50 cm by the manufacturer. This estimate was refined with a series of
measurements of a point source of radiation, made at various distances along the
centerline of the detector. The count rates at a particular energy (under the
photopusk) vary inversely with the squares of the distances between the point

source .nd the detector. These distances are obtained easily from a large set
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of measurements and permit solving for the distances, Ad, to be added to the
distances, di’ measured between the source and the cover of the detector window,

as shown in Figure 10.

RiZi2 = Ri(di + Ad)? = constant &D)

where

R; = ith observed 